Quantifying ecosystem carbon stocks is vital for understanding the relationship between changes in land use and cover (LULC) and carbon emissions; however, few studies have documented the impacts of carbon cycling on Miombo ecosystems. Here, we estimate the amounts of wood carbon which is stored and lost as a result of LULC changes in Kagoma Forest Reserve (KFR) for the periods between 1988 and 2010 using GIS data, Landsat imagery, and field observations. The land cover was captured on the basis of Landsat 5 TM and Landsat 7 ETM. The amounts of wood carbon stored and lost were estimated based on four previously developed allometric models. Spatial analysis of the Landsat images shows that in the year 1988, woodlands dominated the area by covering 32.66% whereas in the year 2010 the woodlands covered only 7.34% of the total area. The findings of the current study reveal that KFR had undergone notable changes in terms of LULC for the period of 1988-2010. It was estimated that the woodlands in the KFR lost an average of 4409.79 t Cyr −1 . In this study, the amount of carbon stocks stored was estimated to be 21457.02 tonnes in tree stem biomass based on the area (1226.12 ha) that was covered by woodlands. We estimated that an average of 17.79 t Ch −1 was stored in the Miombo woodlands based on the four models. The efforts to ensure sustainable management of the Miombo ecosystem can contribute to the creation of a considerable carbon sink.
Introduction
Miombo woodlands are widespread in the tropics, covering over 2.7 × 10 3 km 2 in east, central, and southern Africa [1] . It occurs on poor soils derived from acid crystalline bedrock occurring under a hot, seasonally wet climate [2] . Its woody vegetation is mainly dominated by Brachystegia spp., Julbernardia spp., and Isoberlinia spp. [1] . Miombo woodlands ecosystems are considered to directly support the livelihood of an estimated 39 million people, particularly in low income rural communities in central African countries [1, 2] . The woodlands supply charcoal, firewood, fruits, building poles, and timber to over 15 million people living in the urban areas in the region [1] . Woody biomass consumption from Miombo woodland is said to amount to about 48 Tg yr −1 , releasing almost 22 Tg of Carbon to the atmosphere [2] .
For example in Tanzania, forests and woodlands cover more than 40% of the total land surface and directly support the livelihood of over 85% of the rural poor [3] .
Cultivation and deforestation mainly for charcoal production have been reported to be the major factors that contribute to the decline of Miombo woodlands [4] . Considering the fact that up to 50% of rural poor income in some areas is dependent on the woodlands, degradation of these woodlands could result into a huge economic and social crisis [4, 5] . The potential of the woodlands to act as a carbon sink and to provide other essential ecosystem services has also been compromised [5] . The expansion of cultivation in many parts of the world has transformed the land cover from natural vegetation to more agroecosystems [6, 7] . These changes have been fuelled by a growing demand for agricultural products that are important for improving 2 Journal of Ecosystems food security and generating income not only for the rural poor but also for the large-scale investors in the commercial farming sector. Natural vegetation cover has given way not only to cropland but also to native or planted pasture [8] . Also, considerable importance to LULC change in East Africa is the expansion of urban centres. Globally, concerns about the changes in land use/cover emerged due to the realization that land surface processes have an influence on the climate and that changes in these processes have an impact on the ecosystem goods and services [8] . The impacts which have been of primary concern are the negative effects of LULC change on biological diversity, soil degradation, and the ability of biological systems to support human needs. Increasing levels of CO 2 in the atmosphere can be linked to global climate changes [9] . These changes have made the world more vulnerable to the rising of sea levels [10] , desertification, and biodiversity losses in different ecosystems in the world [11] .
Anthropogenic alterations of the natural landscape through urbanization, agriculture, and forestry have been continuous and increasing for the past millennium [12] . Areas of the natural vegetation and land cover are removed and replaced with the human managed systems of altered structure [13] . During the last century, land use has changed drastically in the tropics due to changing economy and growing population [14] . This has caused significant and adverse effects on physical and ecological process [15] , on soil and water [16] , on local and global climate, and on biodiversity [17] . A study by Meyer and Turner [18] shows that land use deliberately alters land cover such as vegetation by changing this land cover into a different state such as building materials, medicinal, wood, and fuel, hence deforestation. Recently, efforts have been made to quantify the nature and extent of LULC changes including vegetation at global scale [19] [20] [21] . Richards [22] estimated that, over the last 300 years, the total global area of forest and woodland diminished by 19%, while grasslands increased by 46.6%. Despite the recognition on the magnitude and impact of global changes in LULC, there have been relatively few comprehensive studies on land use changes and their impacts [23] . For example, Kaoneka [24] reported declining area of natural forest reserve in the Usambara Mountains at a fairly high rate of 3.8% per year.
There have been research efforts to quantify carbon stocks in Tanzania focusing on the tropical montane forests [5, 25] which are known to store large amounts of carbon. Despite that useful comparatively studies have been undertaken in Zambia, Malawi, Mozambique, and Zimbabwe, much less attention has been paid to the Miombo woodlands in Tanzania [1, [26] [27] [28] . Miombo woodland vegetation is assumed to contain less carbon than the montane forests due to their structural nature [25] . The coverage of miombo woodland vegetation in terms of area is, however, large and may comprise a significant part of the total carbon storage potential of Tanzania. This potential is yet to be fully evaluated and the carbon storage of Tanzanian miombo woodland remains a significant knowledge gap. A key aspect of determining the carbon benefit of any forest carbon project is to accurately quantify the levels of carbon changes [5] . The analysis of the potential of the Miombo woodland ecosystems to store carbon is a key to understanding whether the corrective measures taken in LULC changes and forest management are likely to create net carbon sources or sinks. Such estimates are important in designing management plans for the Miombo woodlands that may ensure a sustained potential of this ecosystem's contribution to the mitigation of emission [5] .
Sustainable utilization of forest resources including maintenance of high amounts of standing biomass, reduction of deforestation, and reafforestation of marginal agricultural lands is crucial. This will offer possibilities of reducing global warming and maintaining local and regional ecological systems [29] . Recently, the United Nations Framework Convention on Climate Change (UNFCCC) has initiated discussions on the mechanisms to reduce emissions from deforestation and degradation (REDD) in developing countries. The REDD concept proposed to provide financial incentives to help developing countries facilitate and enforce voluntary reduction of national deforestation and associated carbon emissions below a baseline. If properly executed, the reduction of emissions could simultaneously combat climate change, conserve biodiversity, and protect other ecosystem goods and services [29] .
The knowledge about the current condition and the extent of forest cover as well as the amount of carbon stored in these forests are necessary. It is also important to know the amount of carbon stocks lost as a result of LULC changes in the Miombo woodlands. The main carbon sinks in the tropical forest ecosystems are the living biomass of trees [29] . The carbon stored in the above-ground living biomass of trees typically constitutes the largest pool and is the most directly impacted by deforestation and degradation [30] . Estimating the above-ground forest biomass is therefore one of the most critical steps in quantifying carbon stocks and fluxes from tropical forests. Little is known about carbon stocks stored and lost as a result of LULC dynamics in the KFR. Quantifying ecosystem carbon stocks is vital for understanding the relationship between changes in LULC and carbon emissions [31] ; however, few studies have documented the impacts of carbon cycling on Miombo ecosystems. Here, we estimate the amount of carbon stocks stored and lost as a result of land use dynamics in the KFR for the periods between 1988 and 2010 using field observations, GIS data, and Landsat imagery. common ones are described by Touber and Kanani [32] as Ferralsols, Fluvisols, Arenosols, and Gleysols. Rainfall is very much influenced by topography and the presence of Lake Victoria. A rather steep gradient in the total annual rainfall is observed from 2100 mm along the coast to less than 700 mm towards the interior [32] . The average daily temperatures are relatively low and fluctuate between 15 ∘ C and 28 ∘ C, with an average of 20 ∘ C [33] . KFR hosts different wildlife species such as elephants (Loxodonta Africana), whereby a large group of 200 elephants which shifted from neighbouring Game Reserves of Burigi and Ibanda Rumanyika due to habitat fragmentations have moved to the KFR for refuge. The KFR also hosts Impala (Aepyceros melampus), waterbuck (Kobus ellipsiprymnus), roan antelope (Hippotragus equinus), birds, and other wildlife species [33] . There is a large stand of Miombo woodlands and the site is rich in tree species of conservation importance including African Blackwood (Dalbergia melanoxylon), Mvule (Milicia excelsa), and Muninga (Pterocarpus angolensis) thickets.
Materials and Methods

Description and Location of the Study
Analysis of LULC Changes.
Remote sensing is an effective tool for quantifying the impacts of LULC on forest ecosystems at landscape scales. The materials used in the study were Landsat 5 TM of 5th June, 1988, and Landsat 7 ETM+ of 5th June, 2010. Topographical maps with a scale of 1 : 50,000 were used for georeferencing Landsat scenes. Global positioning system (GPS) was used in LULC map verification and updating LULC map to include land use pattern up to year 2010. The images were selected based on seasonality of the imageries, spatial resolution 30 m, study location, and availability of imageries. The LULC was captured on the basis of Landsat 5 TM p172r061 scene of August, 1988, and Landsat7 Enhanced 
Preprocessing of Landsat
image. Two rectified images were reduced to the size of the study site by using subset command in ERDAS imagine software.
Ground Truthing and Interpretation of Landsat Images.
Land use types identified from the image scenes of 1988 and 2010 were counter-checked by carrying out fieldwork in the study area in order to update data interpreted from the images. Ground coordinates for different land cover types were recorded by using GPS. The recorded coordinates were then used to transform former LULC types before performing LULC change detection for generating the final results. The enhanced images in ERDAS IMAGINE 9.1 Software were converted to ArcGIS 9.3 for interpretation. The image analysis extension in ArcGIS 9.3 sharpened more features interest in the study area. Different land cover categories were extracted using photo texture. False colour composite was formed using red, green, and blue (RGB) for bands 4, 3, and 2. An onscreen digitization procedure was used in identifying land covers. The analysis of land cover in KFR was done in an area covering a total of 16663 hectares and the area was stretched to include a bigger area covering village land bordering the forest in order to relate human factors influencing land cover changes within the forest. The cover classes were determined based on ground truthing data which were used as reference points for each land cover recorded in the field.
Land Use and Vegetation Cover Change Detection.
Change detection was performed through the overlay method based on generated vector themes of different years. Change detection was done between datasets of 1988 and 2010 years. The overlay was performed by intersecting feature themes so that the boundaries and attributes of themes were combined to form the derivative output theme. The attribute tables of the output themes were summarized in the definition tables and the results were exported in MS-Excel Package to Chamshama et al. [36] Note: B: biomass (t); D: diameter (cm) at 1.3 m (DBH), Ht: tree height (m).
compile areas of change for each information category. The change detection analysis entails finding the type, amount, and location of LULC changes that are taking place [37] . In this study, a postclassification comparison method was used to assess LULC changes. It is the most common approach for comparing data from different sources and dates [38] . The advantage of postclassification comparison is that it bypasses the difficulties associated with the analysis of images acquired at different times of the year and/or by different sensors [39] . The method has been found to be the most suitable for detecting land cover changes [40] . The only pitfall is that the accuracy of the change maps depends on the accuracy of individual classifications and is subject to error propagation [40, 41] . The estimation for the rate of change for the different covers was computed based on the following formulae 
where Area year = area of cover at the first date, Area year +1 = area of cover at the second date, ∑ =1 Area year = total cover area at the first, and years = period in years between the first and second scene acquisition data
Estimation of the Tree Biomass and Carbon Stocks.
Data on carbon stocks are reported using selected allometric models from different authors based on studies conducted in the Miombo ecosystems (Table 1) . In order to determine tree biomass and carbon, four previously used allometric models developed for general tropical woodlands and Miombo savanna were used to estimate the biomass and carbon density. Tropical forests often contain 300 or more species, but research has shown that species-specific allometric relationships are not needed to generate reliable estimates of forest carbon stocks [29, 43] . Allometric equations can be used to estimate the biomass and carbon stock of forests [44, 45] . Generalized allometric equations have a major advantage of being based on larger numbers of trees that span a wider range of diameters [29, 43] . The quantity of carbon for a given wood biomass was estimated to be 50% of the total biomass [25, 46] . Using the average carbon stock obtained in this study, the total C stored and total C lost in KFR were calculated by multiplying the carbon stock with the total area covered by woodlands from 1988 to 2012. Figures 2 and  3 , respectively. Generally, the maps show the variation in cover between the two time periods under consideration. In year 1988, woodlands dominated the area by covering 32.66% (5453.37 ha) followed by bushland which covered 27.37% (4570.43 ha). Grassland covered 24.35% (4065.50 ha), followed by bareland/settlements 15.46% (2581.10 ha), whereas the cultivated land occupied only 0.16% (27.53 ha) .
Results and Discussion
Land Use and Land Cover Class Distribution. The land cover maps for 1988 and 2010 are presented in
Spatial analysis of the Landsat image shows that in year 2010, woodlands covered only 7.34% (1226.12 ha) of the total area as shown in Figure 3 . Bushland increased in terms of coverage from previous 23.5% (3923.43 ha) to 32.25% (5385.9 ha) of the total area, followed by settlement area 25.11% (4193.32 ha), grassland covered 23.15% (3865.39 ha), and cultivated land expanded to 12.14% (2027.20 ha). During this period (1988-2010) , the results show a substantial decrease in woodlands from 32.66% (5453.37 ha) to 7.34% (1226.12 ha). The results also show that the grassland, cultivated land, bushland, and settlements increased substantially as shown in Figure 3 . The results clearly indicate that the demand for land has increased from 1988 to 2010. This implies that agricultural activities increased at the expense of other land cover types mainly the woodlands. Mbonile et al. [47] and Noe [48] found that agricultural expansion had a significant effect on the natural vegetation. The continuous increase in cultivated land is also reflected in an increased area under settlements/bareland (Figure 3) . Settlements expansion has an implication on the increase in population size as a result of the demand for more resources and area for cultivation. As shown in Table 2 , woodlands decreased at a rate of 192.15 ha per year assuming a linear decrease. It is possible that the decrease in woodland and increase in settlement cover are attributed to increased demand for land. This rapid decrease might be due to clear felling of trees for firewood, poles, timber, and increased settlements and agricultural activities (banana farms and subsistence farming). Bush fires were observed to be a serious problem in recent years. It is clear from Table 2 that the woodland decreased consistently over 22 years while cultivation increased at a rate of 90.89 ha/year (0.54%/year). Timber harvesting business in the Miombo woodland has been encouraged by the existence of all weather roads from the area to other parts of the district and the neighboring countries [49] . The grassland decreased at a rate of 9.1 ha/yr (0.05%/year). The settlement cover increased at a rate of 73.28 ha/year (0.44%/year) over an average period of 22 year. The expansion of grassland, bushland, settlements, and cultivated areas reflects the LULC transformation in KFR. The increasing population as a result of refugees' influx and immigrants from other districts in Tanzania has had an impact on the natural resources in the study area. As Mbonile et al. [47] observe the major reason for in-migration is movement of people from their former residence to seek land for cultivation and habitation. Poor agricultural production in migrants' former villages is among the basic reasons for farmers to shift from their former land in their villages to new lands in other villages. On the other hand, population immigration has an increasing effect on the existing population of a given area and goes hand in hand with an increasing demand for natural resources including areas for settlements, cultivation, and other economic activities such as livestock keeping. According to Reid et al. [50] , land conversion for agriculture in East Africa has outpaced the proportional human population growth in recent decades. Natural vegetation cover has given way not only to cropland but also to planted pasture [8] . As reported by Lyaruu [6] and Tiffen [7] , the expansion of farms for cultivation in the world has transformed the land cover from natural vegetation to more agroecosystems. These changes have been fuelled by the growing demand for agricultural products that are important for improving food security and generating income, not only for the rural poor but also for the large-scale investors in the commercial farming sector.
The slight differences in carbon stocks estimated from different allometric models might be due to varying degree of exposure to human degradation and differences in the age of the tree species in the Miombo woodlands. The amount of carbon lost for the period of 22 years was estimated using four different allometric models developed in other Miombo ecosystems. From these models, it was estimated that the woodlands in the KFR have lost an average of 95015.41 t C from 1988 to 2010 (Table 3) . We estimated carbon loss in this study to be an average of 4409.79 t Cyr −1 . The history of disturbance including fire, livestock grazing, logging/charcoal production, and shifting cultivation is likely to cause changes in the woody carbon stocks. The disturbance due to human utilization may have contributed to the lowering of the carbon stock in the KFR. As Brown [35] reports, forests that have been subjected to human disturbances tend to have lower biomass and less carbon storage than their storage potential. In another study, Munishi et al. [5] found that human destruction of tropical forests was estimated to contribute up to 17% of global carbon dioxide emissions, resulting into accelerated global warming. As reported by Williams et al. [28] , clearances due to agriculture are estimated to reduce carbon stocks by 19 was stored in the Miombo woodlands based on the four different models (Table 3) . This amount of carbon is similar to the amount of carbon density per hectare (19.12 t Ch −1 ) which was estimated by Munishi et al. [5] in the Miombo Woodlands of the Southern Highlands. However, the Eastern Miombo woodlands in Tanzania have been shown to have carbon storage potential of between 25 and 80 t Ch −1 [51] .
Conclusions
The findings reveal that the study area had undergone notable changes in terms of LULC for the period of 1988-2010. Woodlands have decreased in the last 22 years, whereas bushland, grassland, cultivated land, and settlement areas increased linearly during the same period. The amounts of carbon stored and lost due to LULC changes in KFR were estimated to understand the relationship between the changes in land use and carbon dioxide emissions. Four allometric models were used to estimate carbon stored and lost for the last 22 years. Ecosystem carbon stocks lost averaged 95015.41 t C at the rate of 4409.79 t Cyr −1 , while the current carbon stored is totaled 21457.02 tonnes in tree stem biomass. The history of disturbance (fire, elephants, logging/charcoal production, and shifting cultivation) is likely to influence changes in the woody carbon stocks. In this respect, managing the carbon stocks of KFR requires concerted efforts in reducing the human related degradation. The efforts to ensure proper management of the Miombo ecosystem can contribute to the creation of a considerable carbon sink and will ensure persistent potential for the Miombo woodlands to store carbon as sinks rather than emission sources thus contributing to the REDD process initiatives in Tanzania and globally.
